Cotton rats are an important animal model to study infectious diseases. They have demonstrated 19 higher susceptibility to a wider variety of human pathogens than other rodents and are also the 20 animal model of choice for pre-clinical evaluations of some vaccine candidates. However, the 21 genome of cotton rats remains to be fully sequenced, with much fewer genes cloned and 22 characterised compared to other rodent species. Here we report the cloning and characterization 23 of CD40 ligand, whose human and murine counterparts are known to be expressed on a range of 24 cell types including activated T cells and B cells, dendritic cells, granulocytes, macrophages 25 and platelets and exerts a broad array of immune responses. The cDNA for cotton rat CD40L 26 we isolated is comprised of 1104 nucleotides with an open reading frame (ORF) of 783bp 27 coding for a 260 amino acid protein. The recombinant cotton rat CD40L protein was recognized 28 by an antibody against mouse CD40L. Moreover, it demonstrated functional activities on 29 immature bone marrow dendritic cells by upregulating surface maturation markers (CD40, 30 CD54, CD80, and CD86), and increasing IL-6 gene and protein expression. The availability of 31 CD40L gene identity could greatly facilitate mechanistic research on pathogen-induced-32 immunopathogenesis and vaccine-elicited immune responses.
Generation of a recombinant vaccinia virus expressing cotton rat CD40L protein construct

Western Blot 152
Expression of the CD40L protein was confirmed by Western blotting using His-tag Ab. Cell 153 monolayers were lysed in sample buffer and homogenized using QIAshredder columns (Qiagen). 154 Western blotting was performed using 4 to 15% TGX gel and Tris/Glycine/SDS running buffer 155 (Bio-Rad Laboratories Inc.), and the protein samples were transferred to Immobilon-FL PVDF 156 membranes (Millipore). Protein was detected with Tetra-HIS Ab (Qiagen) and goat anti-mouse 157 IRDye-800CW (LiCor). Membranes were developed using the Odyssey system (LiCor). Using EZmol software [35] , we predicted folding of the protein as shown in Fig 3b. 
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The cotton rat CD40L cDNA that we have isolated was a 1104 nucleotide sequence with a poly- 279 [40] . All seven known conserved residues that constitute the trimer interface on the conserved 280 TNF domain [23] [40] were mapped to the putative crCD40L protein sequence. Additionally, all 281 six known conserved receptor binding sites on the conserved TNF domain [23] [40] were 282 mapped to the crCD40L protein sequence. 
Expression of recombinant cotton rat CD40L in Vaccinia Virus
285
In order to further evaluate the crCD40L deduced sequence, the full 783bp ORF of the 286 crCD40L was cloned into a vaccinia virus vector. The crCD40L construct was designed to carry 287 a secretion signal, histidine tag, and a trimerization motif (Fig 4a) . Selection and purification of the recombinant vaccinia virus expressing the CD40L construct was conducted in BHK21 cells.
289
Western blot with anti-histidine antibody (Ab) was used to confirm expression of the CD40L indicates that the histidine tag is folded within the trimer and is unavailable in the native form for 296 purification. This is an additional reason for the need to purify the protein from the cell lysate 297 under harsh denaturing conditions followed by protein refolding. The reason we utilized a 298 mammalian expression system to produce the protein rather than a bacterial system is to facilitate 299 its proper folding into its native structure, trimerization, and glycosylation. The aa backbone 300 predicts a protein of 29 kDa, yet initial studies of the CD40L protein suggested a molecular mass 301 of 39 kDa, and on most cell types the molecular mass of CD40L is 32-33kDa, consistent with 302 extensive post-translation modification [36] . 
Purification and verification of cotton rat CD40L
312
The BHK21 cells expressing the crCD40L construct were collected and lysed with 6 M 313 guanidine hydrochloride with reduced glutathione and sonication. The lysate was bound to a 314 nickel resin and the protein was refolded on the column. Since CD40L biological activity is 315 dependent on a homo-trimer configuration [23] , the protein was refolded by gradient, on column 316 buffer exchanges, of a 6M guanidine hydrochloride and phosphate buffer to facilitate gradual 317 removal of the denaturing agent. The resulting bound protein was subsequently eluted with 318 imidazole. The resulting fractions that showed a peak were pooled and dialysed against PBS.
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The purified protein was confirmed in ELISA. Since the cotton rat CD40L protein 320 sequence shared 82% identity with the mouse CD40L protein sequence, an Ab known to detect Since the cotton rat CD40L protein sequence shared 82% identity with the mouse CD40L 332 protein sequence with similar functional domains, we evaluated the biological activity of the 333 recombinant crCD40L on immature murine bone marrow DCs. We conducted experiments based 334 on known functional activities of CD40L in other animal species. Specifically, maturation of 335 immature DCs after exposure to antigen is known to play a crucial role in their immunity-336 stimulating function [36] , while trimeric recombinant CD40L has been shown to stimulate DC 337 immunomodulating functions [41] . When CD40L engages CD40 on the surface of DCs, it 338 promotes cytokine production, the induction of cell surface co-stimulatory molecules, and 339 facilitates the cross-presentation of antigen by these cells [27] . In addition, CD11c is a DC 340 integrin marker and upon stimulation, is down-regulated [42] . Intracellular adhesion marker 341 CD54, along with co-stimulatory markers CD40, CD80, and CD86 are all upregulated upon 342 stimulation with CD40L [43] [44] . Moreover, mouse I-A d major histocompatibility complex is 343 also up-regulated upon stimulation with CD40L [44] . When our recombinant crCD40L was used 344 to stimulate immature murine bone marrow DCs, we observed similar results to that when 345 murine CD40L is used (Table1). CD11c was down regulated in both median flouresence We speculate this to be due to the species incompatibility since we are stimulating mouse bone 351 marrow cells with cotton rat CD40L. Nevertheless, the crCD40L was able to promote up-352 regulation of key co-stimulatory markers on immature DCs promoting DC maturation. 
CD40-induced activation of cytokine gene expression in DCs by CD40L is an important
356 process in the initiation of primary immune responses and is critical for DC maturation and the 357 generation of antigen-specific T cell responses [45] . IL-6 is a highly pleiotropic cytokine in that 358 it stimulates the activation, proliferation, and survival of T cells, and furthermore, modifies DC 359 function and survival [46] [47] [48] [49] . We tested if the recombinant crCD40L could induce 360 IL-6 gene expression ( Fig 6a) and production of the cytokine (Fig 6b) by immature murine bone 361 marrow DCs. The results indicate that a significant increase in both IL-6 gene expression and 362 cytokine production in immature murine bone marrow DCs was observed forty hours after 363 stimulation with the crCD40L. Collectively, the observation that both the upregulation of 364 immature DC cell surface maturation markers and increased IL-6 gene expression and cytokine 365 production provide strong evidence of the biological activity of crCD40L. 
